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The Fifth Edition 

while teaching at Yale University, Lehigh University, and IIT Bombay, and by our 
analysis of the directions in which database technology is evolving. 

Our basic procedure was to rewrite the material in each chapter, bringing the older 

As in the fourth edition, each chapter has a list of review terms that can help readers 
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1.3.3 Data Models 
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1.4 Database Languages 







1.4.1 Data-Manipulation Language 

A data-manipulation language (OML) is a language that enables users to access or 
manipulate data as organized by the appropriate data model. The types of access are: 
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Structure of Relational Databases 










Fundamental Relational-Algebra Operations 





2.2.6 The Cartesian-Product Operation 
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Figure 2.16 Result of the subexpression 











tional Algebra 









Review Terms 






3.3 Basic Structure of SQL Queries 
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Set Operations 




3.4.1 The Union Operation 
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The in and not in operators can also be used on enumerat^sets^The following 




where assets > some (select n 






The subquery 







definition applies. This rule is analogous to the usual scoping rules used for variables 



3.7.4 Test for the Absence of Duplicate Tuples 




account. branchjiame = Terryridge') 




account. branchjiame = Terryridge') 
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3.8 Complex Queries 
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3.8.1 Derived Relations 

expression, then'X'^iSt'give the result i 
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3.10 Modification of the Database 

database. Now, we show how to add, remove, or change information with SQL. 



3.10.1 Deletion 
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101 has $1200, but the branch nai 
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3.11 Joined Relations** 

SQL provides not only the basic Cartesian-product mechanism for joining tuples of 
relations, but also provides (in SQL-92 and later SQL versions) various other media- 
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4.2 Integrity Constraints 






4.3 Authorization 

^pu, 38818 " 3 “ Ser “ Veral feml8 ° f auth0nzatI0ns on P” 15 of lhe dalabase ' For 









4.4 Embedded SQL 
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Recursive Queries** 







4.8.2 More on Subqueries 






4.9 Summary 
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5.1.1 Example Queries 




A u[branch-name] - “Perryridge”))} 
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= “Penyridge”))} 
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5.3.5 The Result Relation 








5.3.6 QBE in Microsoft Access 

the original QBE was designed for a text-based display environment. Access QBE is 




5.4.1 Basic Structure 









Our example rule defining vl, and an instantiation of the rule, are: 



vl(A, B) account(A, “Perryridge”, B ), B > 700 

ul(“A-217”, 750) :-account(“A-21T', “Perryridge”, 750), 750 > 700 





(infer(R,I). 



5.43.2 Semantics of a Program 

or indirectly) on itself. Hence, we can layer the view 
and can use the layering to define the semantics of th< 
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Database Design and 
the E-R Model 







Figure 6.10 
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6.7.6 Alternative E-R Notations 

Figure 6.23 summarizes the set of symbols we have used in E-R diagrams. There is 






6.8.3 Entity Sets for the Bank Database 




6.9 Reduction to Relational Schemas 




6.9.1 Representation of Strong Entity Sets 
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7.2 Atomic Domains and First Normal Form 







: is logically implied by / 





.6 Decomposition Using Multivalued Dependencies 
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7.6.2 Fourth Normal Form 








7.10 Summary 
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augmentation rule to show that, if a -*/?, then a -♦ a0. Apply the augmentation 
rule again, using a -> 7 , and then apply the transitivity rule.) 



tion schema R = {A, B, 






i ill it! iiffll ! !R 




year to the monthly sales figures f 






8.2 Web Interfaces to Databases 







Building Large Web Applications 



8.5.2 Microsoft Active Server Pages 
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8.7.2 Granting Privileges in SQL 





8.7.5 Authorization on Views, Functions, and Procedures 
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Object-Based Databases 
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Chapter 9 Object-Based I 





t Types in SQL 
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XML Document Schema 







Figure 10.9 XML data with ID and IDREF attributes. 
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Storage of XML I 
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dDOCTYPE bibliography [ 

clELEMENT book (title, author+, year, publisher, place?)> 
clELEMENT article (title, author+, journal, year, number, volume, pages?)> 
<!ELEMENT author ( lasLname, first_name) > 

<! ELEMENT title ( #PCDATA )> 

• • • similar PCDATA declarations for year, publisher, place, journal, year, 




10.10 Show, by giving a DTD, l 
tion 9.2, using XML. 






) represent the Non-INF books rek 
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Storage and File Structure 
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(d) RAID 3: bit-interleaved parity 

99999 

(e) RAID 4: block-interleaved parity 

99999 

(f) RAID 5: block-interleaved distributed parity 

999999 
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11.4 Tertiary Storage 
11.4.1 Optical Disks 
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many systems keep the following data on users of the system: 





ibutejnetadata ( attributejiame . relation-name, domain-type, position, length ) 

User-metadata ( user-name, encryptedjpassword, group) 

Index-metadata (index-name, relation-name, indexJype, index-attributes) 
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Indexing and Hashing 




12.1 Basic Concepts 
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Bitmap Indices 
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12.9.2 Efficient Implementation of Bitmap Operations 




operation per block.) 



Exercises 

12.13 When is it preferable to use a dense index rather than a sparse index? Explain 

12.14 What is the difference between a clustering index and a secondary index? 

12.15 For each B + -tree of Practice Exercise 12.3, show the steps involved in the fol- 

b. Find records with a search-key value between 7 and 17, inclusive. 
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in Rivest [1976], Burkhard [1976], and Burkhard [1979]. P 

Vitter [2001] provides an extensive survey of external-memory data structures and 

research on bitmap indices includes Wu and Buchmann [1998], Chan and Ioannidis 
[1998], Chan and Ioannidis [1999], and Johnson [1999]. 
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13.3 Selection Operation 




Selection Operation 






13.4 Sorting 
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Figure 14.2 Pictorial representation of equivalences. 
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Query Optimization 





valuated efficiently. 



14.5 Materialized Views** 






14.5.2.2 Selection and Projection Operations 




14.5.2.3 Aggregation Operations 
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tuples in the relation. (Query plans that use only the index, without accessing 
the actual relation, are called index-only plans.) 



Bibliographical Notes 

The seminal work of Selinger et al. [1979] describes access-path selection in the Sys- 
tem R optimizer, which was one of the earliest relational-query optimizers. Query 
processing in Starburst, described in Haas et al. [1989], forms the basis for query op- 
timization in IBM DB2. 

Graefe and McKenna [1993] describe Volcano, an equivalence-rule based query 
optimizer which along with its successor Cascades Graefe [1995] forms the basis of 
query optimization in Microsoft SQL Server. 

See Chapters 27, 28 and 29 for more information on query processing and opti- 
mization in Oracle, IBM DB2 and Microsoft SQL Server respectively. 
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15.4 Concurrent Executions 







Serializability 





15.6 Recoverability 





mm 









Practice Exercises 









Concurrency Control 





16.1.3 The Two-Phase Locking Protocol 
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Figure 16.12 Serializable schedule under t 
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Deadlock Handling 





17.8.5 Fuzzy Checkpointing 
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the grouping. For instance, the table in Figure 18.2, with c 






18.2.4 Ranking 
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(X, 2, a), (2, X, o), (2, 5, 6), (3, 3, 6), (3, 6,6), (4, 5,4), (5, 5, c), (6,3, 6), (6, T,4 




18.17 Suggest how predictive mining techniques can be used by a sports team, using 
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et al. [1996], and Ross and Srivastava»997]. Description ofextended aggregation 
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20.3.3 Parallel Database Architectures 

There are several architectural models for parallel machines. Among the most promi- 
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• Centralized systems 




□ Database writer process 
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Parallel Databases 
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Summary 



[n I/O parallelism, relations are partitioned among available disks so that 
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• Decision-support queries 

• I/O parallelism 










Distributed Data Storage 
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22.23 Describe how LDAP can be used to provide 



.ultiple hierarchical views of data, 






PART 8 



Other Topics 




Advanced Application 
Development 






23.1.2 Tunable Parameters 






m it! 





.3 Standardization 




Chapter 23 





Exercises 






Advanced Data Types 
and New Applications 





Spatial and Geographic Data 





Spatial and Geographic Data 








24.4.1 Multimedia Data Formats 





, III!! 






24.5.4 Disconnectivity and Consistency 
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25.1.1 TP-Monitor Architectures 






figure 2S.1 




25.2.5 Workflow-Management Systems 

Workflows are often hand coded as part of application sys 





communicated quickly to other people involved in the marketplace (such as 
all the buyers or all the sellers), who may be numerous. 

• The volumes of trades may be extremely large at times of stock market volatil- 




ill 








Practice Exercises 




tilevel transaction, so that locks on the queue need not be held till a message is 







25.8 Consider a multidatabase system in which every local site ensures local serial- 
izability, and all global transactions are read only. 
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PostgreSQL 



First, PostgreSQL uses rules to implement views. A view definition such as: 
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select ticker Jd, GetQuote(tickerJd) 
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